Abstract
Introduction
Hyperkalemia was seen commonly in the department of emergency medicine in clinics. Hyperkalemia can be degenerated into cardiac fibrillation soon and leads to death if it is not diagnosed in time. Traditionally, the procedure for diagnosis fea hyperkalemia is through the laboratory blood test which will take 20 minutes or more. In order to increasing the efficiency of diagnosis and therapeutic timing , a non-invasive method to diagnose hyperkalemia is crucial.
In clinics, 12-lead electrocardiogram (ECG) was usually used to predict the possibility of hyperkalemia. However, the accuracy is very low (about 50%) even traditional back-propagation neural networks to detect severe hyperkalemia with a sensitivity 89% by single lead I1 ECG signals. However, the hyperkalemic data were collected hy controlled conditions. In Poter's experimental dog model, qualified data were limited by some conditions such as absent P wave , decreased ventricular rate > 200? in 5 minutes under 2 mEq/k& of potassium chloride was given and potassium concentration must be great than 1.1 mmolelL. In this study, we t r y to extract possible features from 12-lead ECG signals, and construct a neural network to predict hyperkalemia 60m light to severe conditions.
Methods

Paper ECG processing
"be 50 cases of 12-lead paper ECG patient records whose diagnosis were hyperkalemia ranged from 5.4 mmoleL to 9.6 mmoleiL were collected by the department of In light hyperkalemia, ECG on limb leads could have showed decreased amplitude and increased duration in P waves. We selected the amplitude and duration of P wave in lead I1 as the input parameters. Because of increased potassium concentration. the decreased conduction can lead to increased PR interval and QTc. In severe hyperkalemia, a sine wave is usually observed because widen QRS complex could merge with P wave. Totally, 5 features including the amplitude and duration of P wave in lead 11, PR interval, QTc, and QRS complex width are selected as the input parameters of the tirst stage of neural network. In clinics, physicians usually predict the hyperkalemia by the occur of peaked T waves in chest leads. It is the most important index to predict hyperkalemia for clinical physicians. Obviously, peaked T waves were observed easily in all hyperkalemic cases. We select 12 features composed of the amplitude and duration of T wave in VI to v6 six chest leads to be the input parameters of the second stage of neural networks.
A two-stage neural network
A two staged back propagation neural network was developed to predict hyperkalemia. Each stage is serial together and had the same structure. The neural network is composed of a 100-neuron hidden layer and a oneneuron output layer. The activation functions in hidden layer and output layer were expressed as shown in equation ( 
Results
I 65%
By training the two-stage ANN with 30 normal and 30 byperkalemic cases, the results indicated that the total accuracy is 62.5% with sensitivity 60% and specifity 65%..
Conclusions
The ECG features which were responsible for hyperkalemia were uncertain and were not elucidated. In this study, we selected 17 possible features which were observed often in clinical hyperkalemic cases. For reducing the complexity in pattern recognition, some other features such as ST elevatioddepression, S-T interval, and P-R segment were ignored. In order to compare the efficiency of the two-staged network , a experienced physicians at department of emergency medicine joined the test of hyperkalemia by ECG directly. In conclusion, the algorithm developed in this study can predict hyperkalemia more efficiently compared to the prediction by experienced clinicians whose accuracy is SO % with sensitivity 7/20. It can be expected that the sensitivity a n d the accuracy will be promoted once the training data increase.
